In research related to human nutrition, it has become a tradition first to conduct extensive studies on one or more species of experimental animal, and then to attempt to confirm the findings from these studies on relatively small groups of human beings. It is important that the animal species selected for study should closely resemble the human being with respect to the absorption, metabolism, degradation, and excretion of the nutrient under study. The species acceptable for the study of one nutrient is not necessarily the species of choice for the study of a different nutrient.
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The rat and the dog have been used extensively in nutrition studies. These species appear to metabolize many nutrients in a manner similar to that of human beings, but Wanner and co-workers (1) presented preliminary data indicating that neither of these species is a satisfactory substitute for human beings in studies of calcium metabolism. They injected trace amounts of Ca45 intravenously, and observed that the ratio of Ca45 excretion in the urine and feces during the next 5 days was 1: 22 in the rat, 1: 10 in the dog, 2: 1 in the monkey, and 2: 1 in the human being. It has since been reported by Bronner, Harris, Maletskos and Benda (2) that the urine: feces excretion ratios of six young human subjects ranged from 0.50: 1 to 3.2: 1 and averaged 1.9: 1. To our knowledge there are no other reports of similar studies on physiologically normal human subjects. Data obtained on patients with carcinoma, multiple myeloma, and thyroid disorders indicate that the excretion of Ca45 is disturbed in these situations, for the urine: feces excretion *A portion of this paper was presented at the Fifth International Congress on Nutrition, Washington, D. C., September 1, 1960 . This study was ratios ranged between 3:1 and 1: 3 (3) (4) (5) (6) . In spite of these anomalies, the "endogenous" excretion of calcium by normal human beings and normal monkeys appears to be similar, and quite unlike that by the dog and the rat.
The data from studies of the calcium metabolism of 29 normal rhesus monkeys (Macaca mulatta) are being reported in this communication, and compared with the data from similar studies on human beings conducted by this (2, 7, 8) and by other (3-6, 9-16) laboratories.
EXPERIMENTAL PROCEDURES
All monkeys used in this research were received between 1955 and 1959 from Okatie Farms,' N. C. On arrival they were placed in individual monkey cages (27 X 27 X 30 inches) in an air-conditioned (78°F, 60 per cent relative humidity) laboratory designed for metabolic studies with radioactive isotopes. The body weights ranged between 1.8 and 4.9 kg, and all but 3 monkeys were male. The ages of these captive monkeys were not known. Van Wagenen and Catchpole (17) have suggested that a monkey's age may be calculated from his body weight. On this basis these monkeys ranged between 9 and 34 months, with 35 per cent of them just under 2 years old.
During a short period of acclimatization and observation, the monkeys were maintained on a nutritionally adequate diet 2 triturated with 120 to 200 nmg calcium as the chloride. This labeled meal was offered for 30 minutes and the uneaten residue was analyzed for Ca" and total Ca content. Samples of blood, urine, and feces were collected at appropriate intervals, and analyzed for Ca" and total Ca content. After the dose, blood samples were generally collected after 0.25, 2, 4, and 6 hours; 1, 2, 3, 5, 7 days; and then weekly. Urine and feces samples were collected daily during the first 7 days, and then 48-hour samples were collected at weekly or biweekly intervals until the end of the experimental period.
Twenty-five of the 29 monkeys used in this research were used in subsequent studies of the effects of poliomyelitis paralysis upon Ca" metabolism. Thus, only 4 of the monkeys may be considered as normal control animals at the time of sacrifice. Three monkeys were used in 3 successive experiments in which each received the Ca" by intravenous injection, by stomach tube, and in a labeled meal. Several other monkeys were used in a second experiment after sufficient time had elapsed to permit the Ca" levels in the tissues to stabilize.
At autopsy the gall bladder, heart, liver, kidneys, bone (radius, ulna, humerus, tibia, fibula, femur), and portions Time, Days of gastrocnemius and biceps muscles were taken from each monkey for analysis. The dissected long bones were roentgenographed. Samples were analyzed for Ca45, total Ca, moisture, and ash content by the methods outlined by Bronner, and co-workers (8, 19) . The data were statistically analyzed, when possible, by methods explained in Snedecor (20) ; SD in this paper refers to "standard deviation."
The monkeys usually defecated in the corners of the cages, and the stools were sufficiently firm to permit separate collection with little opportunity for the leaching of calcium into the urine. The urine was filtered and rinsed through coarse filter paper to remove food particles. (Figures 1-3 ). In each case, the activities dropped at decreasing rates during subsequent hours. The observation that less Ca45 was absorbed from the intestinal tract when it was fed in the diet than when given in aqueous solution by stomach tube conforms with the observation by Sharpe, Peacock, Cooke and Harris (21) that food solids interfere with the uptake of radioiron in children. Also, these data are in close agreement with data from similar studies in children, in which the specific activities reached a maximum of 0.6 within 15 minutes of intravenous injection, and a maximum of only 0.2 at 240 minutes after the ingestion of a labeled meal (7) . Similarly, in human adults (5) a maximal specific activity of 0.12 was reached 15 minutes after injection, and a maximum of 0.04 was reached about 240 minutes after the ingestion of a labeled meal. Bauer, Carlsson and Lindquist (9) (14) reported that the exchangeable calcium in adult human beings was less than 100 mg per kg body weight. It appears that the amount of exchangeable calcium varies in relation to the size and age of the subject, being higher in the young child and monkey.
The average accretion rate, A, was calculated to be 0.243 g (SD 0.03) calcium per day in these monkeys, nearly the same as the 0.281 g calcium per day which Bauer and associates calculated for the infant. The accretion rate in the monkeys was about one-tenth that reported by Bronner and Harris (7) for adolescent boys, but the average body weight of the boys was ten times greater than that of the monkeys.
2. Urine data. The Car4 and the total calcium content of the urine recovered from the monkeys which had received Ca45 by the three routes are presented in Table I and Figures 1-3 . Although the day-to-day excretions of total calcium were varied, the specific activity data were not. As each experiment progressed, the specific activities of the urine and of the serum dropped at approximately parallel rates, when calculated according to the method of Krane, Brownell, Stanbury and Corrigan (5) and Bender (22) . This is in agreement with data obtained by us on children (2) which indicated a parallelism between serum and urine specific activity values during 28 days. The peak urinary excretion of Ca45 occurred during the first day, whatever the route of Ca45 administration.
The total excretion of Ca45 in the urine during 5 days after intravenous injection of the radioactive substance averaged 7 (SD 4.29) , respectively. The urinary excretion was significantly higher at the 5 per cent level after intravenous injection than after enteral feeding. This is a reflection of the reduced rate at which the Ca45 entered the blood stream due to incomplete uptake of the Ca45 after feeding by gastric tube and in the diet. The significant positive correlation found between body weight and urinary Ca45 excretion may be a reflection of differences in the maturity of the bones of these adolescent monkeys. Bronner and Harris (7) observed that an adult man excreted nearly five times as much Ca45 in the urine as a teen-aged boy during the 5 days after intravenous injection. The (7). It may be concluded that the high fecal excretion of Ca45 after enteral feeding is due mainly to poor absorption.
The average daily excretion of total calcium in the feces after the intravenous injection of Ca45 increased with the estimated age of the monkey. This correlation was significant at the 1 per cent level. The total Ca45 excretion during the first 5 days also increased significantly (at the 1 per cent level) with the age and weight of the monkey.
Relatively small amounts of Ca45 were excreted in the feces when it was administered intravenously, and this excretion occurred mostly during the first few days (Table I ). The serum data in Figures 1 to 3 indicate that most of the Ca45 taken either intravenously or enterally entered the calcium depots within 1 week. Bronner and coworkers (8) have suggested that studies of the uptake, retention, and excretion of Ca45 administered by various routes and in various carriers may be completed within 10 days.
The proportion of the Ca45 that was recovered in the feces during 5 days after enteral administration can be used as a measure of the efficiency of Ca45 uptake. A small portion of the excreted Ca45 represents radioactivity that was absorbed and later re-excreted as "endogenous" calcium.
The correction for this endogenous Ca45 excretion by monkeys during 5 days is about 3 per cent. Thus the true uptake of Ca45 after ingestion in the diet was about 75 per cent. This result is similar to that reported by Bronner Since approximately 35 per cent of the Ca45 administered to the monkeys by stomach tube was excreted in the feces, the total uptake was only about 68 per cent. This lower uptake may be a reflection of the emotional stress observed in these monkeys during intubation, and which Malm (26) considered to be a factor in human subjects. 4 . Urine: feces ratios of Ca45 excretion. The data on the excretion of Ca45 in the urine and feces of the 29 monkeys after administration of the Ca45 by intravenous injection reveal that an average of twice as much Ca45 was excreted in the urine as in the feces during the first 5 days. The same trend continued throughout the experimental period. Thus, the urine: feces ratio of Ca45 excretion is 2: 1 in monkeys, confirming the preliminary report based on only three monkeys (1) . The results of these studies in comparison with similar studies on children, adults, rats, and dogs are summarized in Table II . Analyses made in these laboratories indicate that the urine: feces ratio in the human is 2: 1 (2). Spencer, Li, Samachson and Laszlo (6) sacrifice. The specific activity of the serum was lower than that of the bones and soft tissues. The specific activities of the soft tissues were significantly (5 per cent level) lower than those of the bones, indicating that once the bones had taken up the radioactivity they released it more slowly than did the soft tissues. The conclusion that there is a difference in Ca45 turnover rates of the hard and soft tissues is in agreement with data reported by Bronner and co-workers (19) from a study of a child with gargoylism.
SUMMARY AND CONCLUSIONS
The metabolism of Ca45 was studied in 29 rhesus monkeys (26 male, 3 female) maintained on a nutritionally adequate diet. The Ca45 was administered by intravenous injection, by gastric intubation, and in the diet. Samples of blood serum, urine, and feces were collected at intervals and analyzed for total Ca and Ca45 content. Samples of soft and hard tissues were taken at autopsy and analyzed for Ca45, total calcium and ash content.
Serum Ca45 activity reached a maximum within 15 minutes after intravenous injection, 60 minutes after gastric intubation, and 200 minutes after ingestion in the diet.
The average amount of the more readily exchangeable fraction of body calcium was calculated to be 1.19 g per monkey. The accretion rate averaged 0.243 g of calcium per monkey per day.
The excretions of Ca45 during 5 days after intravenous injection, gastric intubation, and ingestion in the diet were, respectively: 7.6, 5 and 5.3 per cent in the urine; and 3.7, 35 and 28 per cent in the feces.
The data on the appearance and disappearance rates of Ca45 in the sera, the amounts of exchangeable calcium, the amounts of Ca45 excreted in urine and feces, and the urine: feces ratios of Ca45 excretion reported in this study of 29 monkeys are in close agreement with data previously obtained in similar studies on 65 children. They are in disagreement with data from studies on rats and dogs. The evidence indicates that the monkey is the best substitute for the human being in studies of calcium metabolism.
